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PROJJXT 5115: SEMICONDUCTOR DEVICES FOR HIGH TEMPERATURE USE 

National  Aeronautics and Space Administration 
Grant NGR-05-020-043 
P r inc ipa l  Inves t iga to r :  G. L. Pearson 
S t a f f :  A. J. Domenico 

The purpose of t h i s  p ro jec t  is  t o  prepare power r e c t i f i e r s  and 
0 s o l a r  b a t t e r i e s  which w i l l  opera te  a t  temperatures up t o  500 C. 

During t h i s  qua r t e r ,  work has commenced on t h e  revised research plan 

i n  which t h e  ac t ive  gall ium phosphide l a y e r  w i l l  be grown by l i q u i d  

e p i  t axy . 
C r y s t a l  Growth 

A s  s t a t e d  i n  t h e  l a s t  q u a r t e r l y  r epor t ,  a l i qu id  e p i t a x i a l  l aye r  

appears t o  be advantageous i n  t h a t  i t  should conta in  a smaller  number 

of c r y s t a l  imperfect ions and should have fewer deep l e v e l  t r aps .  To 

provide mechanical support  and t o  provide the  c r y s t a l l i n e  s t r u c t u r e  

upon which t o  grow t h e  l i q u i d  e p i t a x i a l  l aye r ,  a sulfur-doped vapor 

e p i t a x i a l  s u b s t r a t e  using the  method of H a r a  and Akasaki was proposed. 

I n  t h i s  method, a secondary stream of s u l f u r  vapor i s  introduced beyond 

t h e  gal l ium source.  

The i n i t i a l  a t tempts  t o  produce the  sulfur-doped c r y s t a l s  were 

unsuccessful.  S l i g h t l y  d i f f e r e n t  operat ing condi t ions  or s l i g h t l y  

d i f f e r e n t  e x t e r n a l  i nd ica t ions  of the  opera t ing  condi t ions a r e  probably 

needed. However, r a t h e r  than  cont inuing the  e f f o r t  i n  t h i s  d i r ec t ion ,  

a dec i s ion  was made t o  u s e  l i q u i d  e p i t a x i a l  techniques t o  form both 

the  a c t i v e  reg ion  and the  n subs t r a t e s .  Severa l  advantages accrue 

from t h i s  approach. F i r s t ,  from previous work tin-doped gall ium 

phosphide c r y s t a l s  of c a r r i e r  concentrat ions on the  order  of 10l8 have 

a l ready  been achieved. Secondly, although a supply of s i n g l e  c r y s t a l  

+ 

gal l ium phosphide would be required,  t he  c r y s t a l l i n e  q u a l i t y  and the  

doping c h a r a c t e r i s t i c s  are not of overwhelming importance. I n  regard 

t o  the former, t he  work of Nygren’ under t h i s  con t r ac t  has demonstrated 

t h a t  l i q u i d  e p i t a x i a l  l aye r s  grown on t h e  (111)P f ace  of a seed a r e  

of supe r io r  c r y s t a l l i n e  q u a l i t y  t o  t h e  o r i g i n a l  seed mater ia l .  The 

doping c h a r a c t e r i s t i c  of t h e  seed is  of lesser importance due t o  the  
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f a c t  t h a t  t h e  only func t ion  of t h e  seed is  t o  provide nuc lea t ion  of 

t h e  l i q u i d  l aye r ,  with the  seed la te r  removed by lapping. 

s i n c e  t h e  requirements a r e  less s t r i n g e n t ,  gall ium phosphide c r y s t a l s  

F i n a l l y  

produced f o r  o t h e r  purposes i n  t h i s  labora tory  or produced by o the r  

l a b o r a t o r i e s  may be used, 

Resu l t s  

4- 
For use as n subs t r a t e s ,  t h r e e  c r y s t a l s  were grown i n  t h e  

convent ional  l i q u i d  e p i t a x i a l  ho r i zon ta l  system. The seeds f o r  these  

s u b s t r a t e s  cons is ted  of one vapor-grown sample k indly  suppl ied by 

S. Nygren and two vapor-grown samples produced l a s t  q u a r t e r  on t h i s  pro- 

ject. 

from an i n i t i a l  temperature of 1050 C and a t  a cool ingra te  of 0.32 C/min 

f o r  16 hours i n  a hydrogen atmosphere. The s o l u t i o n  contained 

10 atom percent  t i n .  The r e s u l t i n g  l a y e r s  ranged from 100 t o  275 microns 

i n  th ickness ,  

The l i q u i d  e p i t a x i a l  l aye r s  were grown on t h e  {111]P f ace  
0 0 

To produce the  t h i n  undoped l a y e r  of .approximately 10 microns 

thickness ,  a v e r t i c a l  l i q u i d  e p i t a x i a l  growth was f i r s t  attempted. 

The bas i c  v e r t i c a l  sys tem has  been described i n  the  q u a r t e r l y  progress 

r epor t  of Apr i l  1 t o  June 30, 1968 and t h e  cons t ruc t iona l  de t a i l s  are 
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shown i n  t h e  r epor t  of Nygren. For the  system a c t u a l l y  used, a 

modi f ica t ion  has been incorporated i n  an attempt t o  reduce t h e  

impur i t i e s  present.  The seed holder  c o n s i s t i n g  of machined graphi te  

t oge the r  with g raph i t e  screws and molybedenum wire has been replaced 

by one of a new a l l  qua r t z  design. 

The f i r s t  at tempt t o  grow an e p i t a x i a l  l aye r  f a i l e d .  The s u b s t r a t e  
-I- 

chosen was one of the t h r e e  n Sn-doped l i q u i d  e p i t a x i a l  s u b s t r a t e s  

previously produced. No not iceable  l a y e r  was present .  A poss ib le  

reason fo r  t h e  f a i l u r e  could be t h a t  t h e  sample was too  small  t o  

i n su re  t h a t  immersion a c t u a l l y  occurred upon t h e  lowering of the  seed 

holder.  Since m o s t  GaP c r y s t a l s  then ava i l ab le  were of similar s i z e  

another  supply was needed. 

New York, has  k indly  given t o  us f i v e  GaP c r y s t a l s  approximately 10 mm 

i n  diameter and 0.5 mm thick.  These , c rys t a l s  were grown by t h e  two- 

The IBM Research Center a t  Yorktown Heights, 
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zone v e r t i c a l  Bridgeman method3 and are t e l lu r ium doped with a 

carrier concent ra t ion  of approximately 2 X 10 c m  . 1 7  -3 

A p a r t  of one of the  Te-doped samples was used i n  a second 

attempt t o  grow a 10 micron l aye r  with the  v e r t i c a l  system. 

t h e  r e s u l t a n t  c rys ta l  t h e  q u a l i t y  of the  (111)P f ace  was poor 

with a l a r g e  drop of gall ium adhering t o  t h e  sur face .  

f ace  was t h e r e f o r e  considered although the  p l a n a r i t y  of the  seed- 

l a y e r  i n t e r f a c e  i s  t y p i c a l l y  i n f e r i o r  on t h i s  s i d e .  I n  f a c t  an 

In 

The {111)Ga 

examination of one cross-sect ion of t he  seed did not  revea l  a 

layered growth on t h e  CL11)Ga face.  To confirm t h i s  observation, 

Schot tky diodes were constructed by t h e  vacuum depos i t ion  of N i - G e  

f o r  t h e  ohmic contac t  and C r  f o r  t h e  Schottky b a r r i e r .  The r e s u l t s  

i nd ica t ed  t h a t  t he  carrier concent ra t ion  was t h a t  of the  s u b s t r a t e  and 

t h a t  t h e  r eve r se  breakdown was on t h e  order  of a few v o l t s  as would 

be expected. Poss ib le  causes f o r  t he  l ack  of growth inc lude  incomplete 

s a t u r a t i o n  of t he  gall ium s o l u t i o n  wi th  gall ium phosphide and the  

e tch ing  of t h e  growth i n  t h e  hydrogen atmosphere used. 

Plans f o r  Next Q u a r t e r  

Fu r the r  work w i l l  be continued with both v e r t i c a l  and ho r i zon ta l  

l i q u i d  e p i t a x i a l  systems.  I n  p a r t i c u l a r ,  e f f o r t  w i l l  be concentrated 

on the  growth of the  t h i n  uniform l a y e r  i n  the  v e r t i c a l  system. 
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PROJECT 5116: DONOR IMPURITIES I N  GaP 

Nat ional  Aeronautics and Space Administration 
Grant NGR-05-020-043 
P r i n c i p a l  Inves t iga tor :  G. L. Pearson 
S t a f f :  A .  Young 

The purpose of t h i s  p ro jec t  is t o  s tudy the  behavior of shallow 

donors i n  gall ium phosphide. I n  p a r t i c u l a r ,  S, Se and Te w i l l  be 

d i f fused  i n t o  GaP t o  determine s o l u b i l i t y  and d i f f u s i o n  parameters. 

This information w i l l  be u s e f u l  i n  de l inea t ing  the  p rope r t i e s  of GaP 

doped with these  shallow donor impur i t ies .  

This  p r o j e c t  i s  being w r i t t e n  up a s  a f i n a l  t echn ica l  r epor t  and 

when completed w i l l  se rve  a s  a q u a r t e r l y  r epor t  f o r  P ro jec t  5116. 
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